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FOREWORD

1. This Military Standard is approved for use by the Naval Sea Systems Command,
Department of the Navy, and is available for use by all Departments and Agencies
of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any perti-
nent data which may be of use in improving this document should be addressed
to: Commander, Naval Sea Systems Command, SEA 55Z3, Department of the Navy,
Washington, DC 20362-5101 by using the self-addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or
by letter.

3. This standard contains nondestructive testing and reporting for eddy current
inspections of heat exchanger tubing. These requirements are designed to ensure
the integrity and reliability of inspections performed.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2 71 1 Q
L.1.4 O

specifications,

extent spec1f1ed h ein. Unless otherwise spe e issues
documents are those listed in the issue of the Department of Defense Index o
Specifications and Standards (DoDISS) and supplement thereto, cited in the
solicitation (see 6.2).

Fh D ® 09

MIL-STD-271 - Requirements for Nondestructive Testin

(Unless otherwise indicated, copies of federal and military specifications,

standards, and handbooks are available from the Standardization Documents Order
Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.)

2.1.2 Other government documents, drawings, and publications The
following other government documents, drawings, and publications form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues are those cited in the solicitation

PUBLICATIONS

NAVAL SEA SYSTEMS COMMAND (NAVSEA)
901-LP-254-000 - Condensers, Heat Exchangers, and
Air Ejectors

NAVSEA INSTRUCTION 9254.1 - Inspection of Steam Condensers on
Nuclear Surface Ships and

Submarines.
(Copies of standards and publications required by contractors in connection
with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)
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2.2 Non-Government publications. The following documents form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DOD adopted are those listed in the issue of
the DoDISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DoDISS are the issues of the documents cited in

h S R B A e S rd Vs N\
ne solilicltatlon (see o0.4).
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ASME)

(Application for copies should be addressed to the American Society of
Mechanical Engineers, 345 East 47th Street, New York, NY 10017.)

rad £ A QNI
U. LAOINL )

(Application for copies should be addressed to the American Society for
Nondestructive Testing, Inc., 4153 Arlingate Plaza, Columbus, OH 43228-0513.)

2.3 Order of precedence. In the event of a conflict between the text
of this document and the references cited herein, the text of this document
takes precedence. Nothing in this decument, however supersedes applicable laws

and regulations unless a specific exemption has been obtained.

3. DEFINITIONS

response is based on the total detected electromagnetic properties of one section

aof the tuha (and adiacant ctruntiirvac and sraonduntiva danncite) Tha ahanliita AAA
~aive A \ SSriva u\‘J CGALvCilvy DLVA UL LUA LU Qllu vVviIIuBuL LA VO \JLHVDL\_D} LIIC QUDUL“\'C IIIVUC

is sensitive to shallow or gradual wall loss, support structures and conductive

deposits.

3.2 (Calibration. Calibration is the verification of proper equipment
response against a known standard.

2 1 NCAalihevntdam atamAdasd Darmvanmnmtbatbiern b cof ol maa - lonf o 2 I L a

(O ) LalLluiLaltlvull Stallualu I\cplcbclldeLVﬂ Luucec wioltl PLCLdULLUchU acLeces
used to standardize instrument set-up,

3.4 Coil. Electric coil in an eddy current probe which induces

electromagnetic current in the inspected part and detects the part’s
electromagnetic response.

3.5 Defect. Defect is a discontinuity (e.g., wall loss, pit, or crack)
whose size, shape, orientation, location, or properties makes it detrimental to
the useful service of the part in which it occurs or which exceeds the accept
or reject criteria for a given design.

T pde
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3.6 Differential mode. Mode of operating an eddy current probe in which
adjacent coils are electrically connected in series opposition, so that
electromagnetic conditions not common to both tube regions tested simultaneously
by the opposed coils will imbalance the system and thereby yield an indication.

The diffe ial mode is sensitive to abrupt discontinuities and usually provides
el

more iable defect depth estimates.

3.7 Fill factor. Fill factor is a
between the coil and the test ob1ect It

l-“ (D

3.8 Gain. Gain is the amplification level setting for the receiving
t in an instrument. Instrument gain is usually set to normalize response
amplitude using a calibration standard.

enerally
TuiTr3aa

14 J

e (W)

o
LA =]
occurring gradually over several inches or more axially.

3.10 Inspection activity. Inspection activity is the organization
performing the inspection. Unless otherwise specified by the contract or order,
the inspection activity shall be fully responsible for the quality of inspection
results and the qualification or certification of individuals conducting

inspections.
3.11 Localized thinning. Wall loss in a local area of the tube
Localized thinning is generally characterized by beginning and reaching maximum

wall loss within about one inch of tube length.

3.12 Noise. Noise is any undesired signal that tends to interfere with
the normal reception or processing of a desired signal. 1In flaw detection,
noise is an undesired response to physical or electromagnetic variables. Nearby
welding, arc cutting, and high speed electrical tools can cause unacceptable
noise levels during eddy current testing.

3.13 Obstructed tube. Obstructed tube is a tube which contains a dent,
debris, scale, or other condition which prevents the probe from being inserted
the full length of the tube.

3.14 Permeability variation. Defect-like signal not caused by a defect,
but by 1local wvariation in a part’s electromagnetic material properties
(non-geometric). These variations can normally be overcome using magnetic bias
probes.

3.15 Phase analysis. Phase analysis is an instrumentation technique

which discriminates between variables in the test part by the different phase

angle changes which these conditions produce in the test signal. For
differential mode inspections, phase analysis is used to estimate defect
through-wall extent and distinguish defects from other signal sources (e.g.,
support structures and conductive deposits).
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3.16 Phase angle. Phase angle is the angular equivalent of the time
displacement between corresponding points on two sine waves of the same
frequency. In eddy current testing, phase angle is the angle on the CRT
(measured clockwise) from the left horizontal to the eddy current signal of
interest.

~ 1 1

3.17 Plugged tube. Plugged tubes shall be defined as follows:

~
[}
~—r

Temporarily plugged tube. A temporarily plugged tube is one
which has a temporary plug (for example, wood or phenolic)
inserted, but no metal plug or thimble.

(b) Permanently plugged. A permanently plugged tube is one in

which the hole has been permanently plugged by a blind-ended

plug rolled into the tube sheet.
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. s an eddy current sensor for

3.19 Probe motion or probe wobble. Lateral probe motion in the tube.
This produces noise or signal variations not necessarily related to any defect.

3.2 Signal mix. Signal mix is the elimination or suppression of
undesirable signals; for example, those signals caused by conditions such as
tube support plates, conductive deposits, and inside diameter (ID) variations
(pilgering). Signal mixing allows mixing or subtraction of eddy current signals

to enhance the signal-to-noise ratio.

3.21 Signal-to-noise ratio. Signal-to-noise ratio is the ratio of values
of signal (response containing information) to that of noise (response containing
no information).

3.22 Test and inspection. The terms "test" and "ins

interchangeably and refer to performance of specific procedure
of acceptance criteria as required.

3.23 Vector analyzer. Vector analyzer is a device used to measure signal
phase angle.

4.1 Equipment. The equipment package shall provide the capability to
perform eddy current inspections required by this standard. Specific inspection
techniques may not require the use of all equlpment specified in 4.1.1 through
4.1.7. Each activity shall be responsible for selecting and using t
to meet the requirements of the inspection t
recording equipment shall have a frequency r
signal amplitudes between static (probe stationary) and dynamlc (probe inm
at inspection speed) are less than 10 percent. Eddy current instruments shall
be calibrated in accordance with the manufacturer's specifications (oscillator
accuracy, output voltages, and so forth) at intervals not to exceed 12 months
and whenever the equipment has been repaired.
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4.1.1 Multi-frequency eddy current instrument. A multi-frequency eddy
current instrument shall be used to detect impedance changes produced by tube
discontinuities and to record the principal changes on a storage CRT, a strip
chart, and a magnetic tape recorder. In addition, the instrument shall:

of operat at quire

the differ tial and absolute modes, either
sequentially or simultaneouslyz Instruments with the capability
to perform the differential and absolute modes of inspection
simultaneously at multiple frequencies may be used to preclude
reinspection.

A

e
H e
1]

b

N~

~ N~
(2 =" ¢]
" N N

(f) Suppress or eliminate undesirable signals by signal mix.

4.1.2 Strip _ chart. The inspection system shall incorporate
instrumentation that produces a two-or-more channel strip chart display of the
eddy current instrument output voltages. The rip chart display may be an
inteocral nart of the addv current incetrument
Lll\-bs&a.l. tll:l‘.\- A il A A UL LTI AAlO LA VUNCT LI,

4.1.3 Magnetic tape recorder. A four-or-more channel magnetic tape

recorder shall be used to record the output voltages from the eddy current
instrument. Alternative magnetic storage media may be used. The recorder may
be an integral part of the eddy current instrument.

2. 1 A Dae~L P I R TTL moae PR ra S T - —a Ll a1V _ . ~ae e bl a al. A

4.1.4 rrobpe pulLier. wner pracuicdobilie, 4 proobe puilel OI pusner utndtl
nille at a conctant ensad cehall ha 11gad Mamial nrohine mav hae narformed witrh
yuLLg &~ =3 WLl QL. ayccu DLIQA A L wve MocTw, dicaliivua L P‘.UU‘.l‘b Al ve yCL AWVLINTCAS WA uLlk
local eddy current examiner approval.

4.1.5 Probes. Inside diameter probes shall be used to provide inspection
coverage of heat exchanger tubing. A fill factor of 0.80 or higher shall be used
(see 3.7). Dependent upon inspection requirements, one or more of the following
probes shall be used:

~
N

A1 f o ial crnil nraha wi+ t+wn rnile oaan aving a ~rail
A differential coil probe with two coils, each having a coil

length of 1/16 to 1/8 inch. Coil separation shall not be less

than one-half the coil length and not greater than on coil

length.

(b) An absolute coil probe with a coil length of 1/16 to 1/8 inch
shall be used to evaluate tube wall loss due to thinning. If
the instrument can oper a differential coil in the absolute

Iag)

U T h emmam e P I TP I T i S
moue, d scpdialte dbsolule COlLl 15 1I0L Lecessdaly.
(c) Other nrobec mav be ucad for snecizl annlications For exvamnle
A~/ AN R =P 8 PLUUDD IIICIJ Ve WUWoTwu A uva Dl—’c\—‘-ﬂd. CIPPL-I.\'G‘-.LULLD . LA CAGII[PLC Y
axial wound, rotating, pancake, magnetic bias, profilometry

M1 vnasn Hiardams 1 1 a
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6 ; actu
ngth of tubing of the same nominal size, wall thickness, and mater
type (chemlcal composition and heat treatment) as that to be examined. The
actual dimensions of the calibration discontinuities shall be measured and
verified. Records of the verification shall be available for review. Depending
on the inspection being performed, one or more of the calibration standards

’
specified in 4.1.6.1 through 4.1.6.4 shall be required. The standards specified
in 4.1.6.1 through 4.1.6.4 are also applicable for the inspection of finned
tubing. The center of discontinuities machined into finned fubing shall be
centered between the fins. Also, the depth of discontinuities in finned

alibration standards éhall be based on the root of the fins, not the outside
d ameter (OD) of the fins.

4.1.6.1 ASME type calibration standard. The ASME type calibration
andard shall be used for the differential mode phase angie analysis evaluation
£ £ 4
1 i

4.1.6.2 Thinning standard. The 360-degree machined ring standard (see
figure 2) shall be used to evaluate thinning such as that caused by acid attack
or exfoliation corrosion which tends to have a large circumferential extent.
The milled flat thinning standard (see figure 3) shall be used to evaluate
thinning such as that caused by steam erosion, which generally occurs in only

part of a tube’s circumference.

LA

4.1.6.3 Tapered area sensitivity standard. The tapered area sensitivity
standard (see figure 4) shall be used to verify sensitivity in the tapered region
of finned tubing such as that used in air conditioning condensers

4.1.6.4 Slotted standard. The slotted standard (see figure 5) using a
length of tube with an axial and circumferential slot machined into the OD shall
be used to verify the capability of the equipment to detect axial and

4.1.7 Borescope. An optical borescope may be used for verification of
eddy current indications on the tube inner diameter and accessible areas of the
tube outer diameter, for example, near tube ends and in tapered regions of finned
tubing.

(a) Material type (chemical composition and heat treatment),
outer diameter, and wall thickness of the tubing to be

inspected.

(b) Probe sizes and types, including manufacturer and model
number (‘r coil size, spacing, etc., if standard model not
available).

N ' ) T (S I > VL SO UE TS R ST S ]
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(c) Test frequency(s).

(d) Eddy current equipment manufacturer and model.

(e) Scanning method (for example, hand probe or mechanized probe
drive). If a mechanized probe drive is wused, identify
manufacturer, model and pull speed.

(f) Calibration procedure and calibration standards

(g) Data recording equipment and procedures.

(h) Data recording and format requirements.

(i) Procedure for interpreting results. This procedure shall

also identify specific reporting thresholds of signals, if
used.

(j) Tube numbering method.

(k) Any other variables or requirements that affect eddy current

test results or are needed to describe the test.
(1) Signature of the certified eddy current examiner.
4.2.1 Procedure qualification. Procedures shall be qualified by

performing an operational test. The qualification shall include testing the
reference standards to prove known discontinuities can be readily detected and
evaluated using the written procedure. The cognizant certified eddy current
examiner shall witness the qualification.

. . .
4.3 Personnel. Personnel shall be certified in accordance with
MIL-STD-271. In addition to the eddy current personnel requirements in

MIL-STD-271, personnel interpreting eddy current data shall be certified as an
inspector (level II) or examiner (level III) specifically for the evaluation of
eddy current data from nonferromagnetic tubing. This special certification
requires additional training, experience, and examination specifically in data
analysis. The amount of additional training, experience, and testing shall, as

a minimum, be equal to the eddy current inspector qualification requirements.
The "25-percent rule” specified in ASNT SNT-TC-1A may be used to simultaneously
obtain eddy current and eddy current interpretation work experience.

5. DETAILED REQUIREMENTS

5.1 Heat exchanger inspection preparation. Full access to all tubes at
one end of the heat exchanger is required.

5.1.1 Heat exchanger design review. Prior to inspection, the heat
exchanger technical manual and other documentation as required shall be used to

determine the following:

(a) Tube material type, size, wall thickness, length, and layout.
(b) Total number of tubes and number of tubes per section, if

applicable.
(c) Location and number of tube sheets and supports.
(d) Location of steam connections, baffles, and partitiomns.
(e) Location of visual inspection access points
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allow passage of eddy current probes. Tube cleaning methods are provided in
NAVSEA 901-LP-254-0000. The high pressure water jet (hydroblast) is the

preferred cleaning method. Tubes shall be air dried after cleaning.

5.1.3 Tube identification. Each heat exchanger tube is identified by a
unique letter or number grid system as speclfied in the component technical

manual. If a tube identification system is not in the technical manual, the
+iiha rmiimhavine cvetram maad in +fha nriar addvy Antvrrant inenantian chall ha 11aad
“uve llwlluch.l.llb -4 S LTIl MO CTW A il VL&VI. A AL LTI LLIDPC\"—‘.UIK DLIQG A A Ve MOoT\,
If the numbering system used in the prior eddy current inspection is unknown or
unavailable:

(a) Contact NAVSEA’'s Heat Exchanger Branch for nuclear ship steam
condensers.

(b) For all other heat exchangers, number tubes using letter
designations for tube rows and number designations for tube
nn]u_mp_s qt‘nrf1na with "Al" in the upper left corner of the

tube sheet from wh1ch the inspection is being performed.

5.1.4 Extent of inspection. The extent of the inspection shall be as

directed by the contract or design requirement. Minimum information provided

to the inspection activity wiil inciude the type of discontinuities required to

PRS- 2 X : PR - P M manldnael o fanan
UU UCLCLLCU, LIISPECL1UIl €eXLEllIL, 4allu diliepldlilCce Clitelld (Sdcece J.J}.

5.2 Eddy current inspection procedure. The minimum procedures for eddy
current inspection of heat exchanger tubes shall be as specified in 5.2.1 through
5.2.4.

5.2.1 quipment. Inspection equipment selected shall be based on the
type of discontinuity to be detected and shall meet the appropriate requirements
Af L1 Maonatisr madia varnardinee chall ha mn.—ln AfF A1l $nenantianeg and ~Ahannale
VA “r. Ll . Llaéllcl—l.b moeuia LCLULULIIEQ DI LA VO udauTt vlL all -LllDth\.o\—l.UllD AllU vllAaliliic Lo
Strip charts (paper or electronically displayed) shall be used as needed fo

y ) y Y
ly di ! e Y
evaluation. Calibrations, recalibrations, and calibration verifications shall

be recorded on the same magnetic media and strip charts as the inspection data.

5.2.2 Calibration techniques. The eddy current test system shall be

alibrated wutilizing the standards specified in 4.1.6 for the type of
~T1. o SN

«r +~ ha AAo—nne—AA Th A~ aTihent3 An =3 A~

cont 1\iit] 0 D€ aecelied 1€ <Cai1ioratidon operation shall include the
complete testing system. Callbration shall be performed before the start of
each inspection utilizing one or more of the techniques specified in 5.2.2.1
through 5.2.2.3. Recalibration shall be as specified in 5.2.3.

5.2.2.1 Differential mode probe calibration. The following requirements apply
for calibrating a differential mode eddy current system:

Requi es quencies are shown in table I. Other
frequencies are permitted, with eddy current examiner approval,
if table I frequencies will not meet calibration
requirements.
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! 2ction will permit the ASME calibration standard

(see figure 1) 20 percent flat bottom hole signal phase angle

to be between 90 and 120 degrees clockwise from the through-wall
hole signal.

The eddy current system will produce a response from the ASME

tandard 20 percent flat bottom hole with a signal to-noise

nimum. The 51gna1 shall span 3.5 to 5 maJor
r £ valrao annldanhla Ciornal 159

4'0

Frequency select

O m

L

een & & VOiTs, as appiilaov.ie. olgnai pnase

- be distinguishable, without saturation, for
each applicable callbration discontinuitv

Signal response to probe motion shall be horizontal and the
through-wall hole signal shall travel first down and to the
right on the viewing screen. Calibration discontinuity
responses shall be distinguishable from probe motion signals.

m n = m

-
C
>
I
nd

Signal mixing to suppress tube support signals is required.
Verify adequate signal mixing by showing the ASME 20 percent
flat bottom hole can be clearly discerned and sized with the

tube support ring centered over the hole.
Record the calibration data as specified in 5.2.1. Establish
a flaw depth evaluation curve from the data. Percent defect
depth and phase angle constitute the vertical and horizontal
axes of the curve, respectively (see figure 6). Instruments
ector analyzer and buiit-in ca
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MADT T T P fann A manf o maace b Lamm mccmennd o € e
iADLL 1. nequLLeu DLLmdLY test LLUUUUHLLCD LUL

differential mode phase angle analysis. 1/2/

Wall
thickness Frequency (+ 5kHz)
Material type (inch) (kHz)
IN_2AN N3 n ns.a 180N
VT IOV LuulvlL V.U LIV
70-30 CuNi 0.065 85
80-20 CuNi 0.065 45
90-10 CuNi 0.049 75
Titanium 0.049 180
or tubes not listed, required test frequencies shall be
Anbnsrrmtonad Lo, sty +ha FATTArryioms Farvmiel oo
ucLocLiLliicu U_y ud L 15 (S 94 - LULLUWL[IB iPviniuia
10 F = test frequency
F = = P = resistivity of tubing in micro-ohm-centimeter
Z . s P
T T = wall thickness of tubing in inches
ional mivxine to sunnrecge outer diameter tubhe gunnort gionalg ig reguired
ignal mixing to suppress outer diameter tube support signals is required.
Signal mixing shall be accomplished using a secondary subtractor frequency.

The secondary frequency shall be one half the primary frequency when the
primary frequency is below 300 kHz; the secondary frequency should be one
fourth the primary frequency when the primary frequency is 300 kHz or above.

If signal mixing is needed for unwanted inner diameter als such as dents

w0
‘m

)
piigering or bulges, a secondary frequency twice the primary frequency shall
hoa s1anAd TF +haoeca canandavy Framiianniose An mnat nravida an adaoniniatas miv +ha
[ ¥4~ wUuocTwu, 4 A wilT oo oCTLuLVviivualL LLC\‘uClI\«LDJ A LAV o VLUVJ.\J\— <Ll uu\-\.luu\.u lllJ.A‘ wilic
secondary frequency can be modified, subject to certified eddy current

examiner approval.

-10-
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Absolute mode probe calibration. The following requirements apply

for calibrating an absolute mode eddy current system.

(a)

~
(g)
Nt

(d)

-~
(1]
~

(£)

5.2.2.3

Probe frequency shall be approximately that specified for
differential mode secondary frequency in 5.2.2.1. Other
frequencies are permitted, with certified eddy current examiner
approval 1.

Signal mixing to suppress tube support signals is required. The

mix frequency should be approximately half the primary absolute
channel frequency. Other frequencies are permitted, with

certified eddy current examiner approval.
The eddy current system will produce a response from the 20 pamat

at . . a z 11

through-wall discontinuity in the applicable calibration standard
with a signal-to-noise ratio of 3-to-1 minimum. The signal shall
span 1 to 2 major screen divisions. Signals must be
distinguishable, without saturation, for each calibration
discontinuity.

Signal response to probe motion shall be horizontal on the viewirg
screen, and calibration discontinuity responses shall be oriented
upward and be distinguishable from probe motion signal.

Verify

’-J‘
@
r“‘

(14

tect
tioned at the defect. When u e
standard (see figure 3), center the slip ring over the smallest
discontinuity. When using the 360-degree machined ring standard,
this ring (see figure 2) still overlaps the edge on the smallest
discontinuity.

Establish a calibration curve from the calibration data. The

W o

d
po

known depths of machined discontinuities and their corresponding
signal deflections constitute the vertical and horizontal axes
of the curve, respectively (see figure 7).

Special probe calibration for crack detection. The following

requirements apply for calibrating an eddy current system to detect cracks.

(a)
\ay

(b)

~
(¢]
~r

(d)

The probe design and test frequenc
clearly discerning each slot in the slotted ca
excluding the 20 percent slot (see figure 5).

The eddy current instrument will produce a clear but
unsaturated response to each slot in the standard, excluding
the 20 percent slot, with a signal-to-noise ratio of 3-to-1

imum.

mlin
or ~ el
pliai LCSPULISE to pLooe

-

mit
ibration standard,

r.»

I S
viewing screen, and calibration
distinguishable from probe motion signals.
Verify, for each slot orientation, that the 40 percent slot
can be clearly detected and evaluated while the tube support

slip ring is centered over the slot.

-11-
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5.2.3 Recalibration. Any change of test probe, extension cables, eddy
current instrument, recording instruments, or power interruption shall renuir
system recalibration Calibration shall be verlfied (1) every 4 hours; (2) if

the equipment has been left unattended; (3) when calibration is suspected of
being in error; (4) at the beginning and end of each magnetic tape and strip
chart; and (5) at the completlon of the inspection. Should the system be found

1 1 01 Y

P T -

L0 De out-o0or-c

n cin
S

inspected ince th last wvalid <calibration shall be reinspected.
Out-of-calibration includes changes more than plus or minus 5 degrees phase

angle from the calibration curve for the differential mode of calibration, or
plus or minus 10 percent for the mid-range discontinuity of the standard for the
absolute mode.

5.2.4 Noise interference. If noise occurs during inspection that

interferes with signal interpretation, the inspection shall be discontinued
until the noise is resolved

5.3 Inspection techniques. Inspection techniques shall be as specified
in 5.3.1 through 5.3.6.

5.3.1 Detection of local volumetric defects. The following techniques
shall be used to detect and estimate defect depths for inner and outer diameter
volumetric defects. These techniques are usable for localized defects including
pitting, wear, intergranular attack localized thinning, etc. Using the
differential inspection mode, callbrate the system using the ASME calibration

standard (see 4.1.6.1) and the procedure specified in 5.2.2.1. Signal mixing
is required to suppress external tube support signals and may be needed to

suppress other interferences such as dents and conductive deposits. Defect
depths shall be estimated using the flaw depth evaluation curve discussed in
5.2.2.1 or a similar curve based on the mix Inspection results shall be
reported as specified in 5.4

5.3.2 Detection of thinning. The following describes techniques that
shall be used for detection and depth measurement of general tube thinning.
The inspection shall be conducted using the absolute mode of inspection.

iized wall tnlnnlng shall also be evaluated using differential mode phase

ysis. The system shall be calibrated using the appropria t t
see figures 2 and 3) and the procedure specified in 5.2.2.2. The flaw

evaluation curve shall be used to determine depth of thinning d t

r
inspections. Results shall be recorded and reported as specified in 5.4

5.3.3 Detection of cracks. The following describes techniques that shall
be used for eddy current inspecti

:1
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®
]
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o
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i
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o
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cracks The system shall be calibrated using the calibration
standard specified in 4.1.6.4 and the procedure specified in 5.2.2.3. The
simulated tube support ring shall be used to assure that the slots in the
calibration standard can be reliably detected adjacent to and under the tube
support rlng. During inspection, any crack-like signal shall be reported.

Results shall be recorded and reported as specified in 5.4,
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5.3.4 Detection of denting. Denting may be evaluated using the techniques
discussed in 5.3.1 and 5.3.2. Additional techniques are not required. Dent
signals with peak-to-peak signal amplitudes greater than twice the amplitude of
the smallest applicable calibration discontinuity shall be reported under 5.4
requirements.

5.3.5 Evaluation of permeability variations. Magnetic bias probes shall
be used in conjunction with the probes discussed above to evaluate suspected
permeability variation signals. Using the magnetic bias probe, calibrate the
inspection system using the ASME calibration standard (see 4.1.6.1) and the
procedures specified in 5.2.2.1.

5.3.6 Obstructed tubes. Obstructed tubes shall be identified. The
location and nature of the obstruction and the extent of the tube inspected
shall also be reported. If practicable, smaller probes or supplemental cleaning
methods shall be used to facilitate complete tube inspection.

5.4 Reporting and record requirements.
5.4.1 Reporting. Inspection activities shall prepare inspection reports

and include the following:

5.4.1.1 Inspection summary cover letter. Inspection reports shall have
a summary cover letter that shall include the following information (when
applicable). For nuclear ship steam condensers, this letter shall conform to
the requirements of NAVSEA Instruction 9254.1.

(a) Ship hull number.

(b) Units inspected and date.

(c) Extent of inspection for each unit (number of tubes in the
unit and the number inspected by each inspection technique).

(d) Maximum indicated wall loss in each major heat exchanger
section (e.g., air cooling sections in condensers).

(e) Number of tubes with 20 percent wall loss or greater.

(f) Number of tubes that were plugged or replaced, including the
reason for plugging or replacement. Identify percentage of
tubes with plugs.

(g) Number of previously plugged tubes.

(h) Number of tubes with crack indications.

(i) Any unusual defects or characteristics observed in performing
the inspection or in analyzing the test results. Unusual
characteristics include uninterpretable defect signals, and the
presence of conductive deposits, distorted support plate signals
or denting (see 5.3.4).

-13-
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be included in the inspection report:

(a) Ship hull number and condenser.

(b) The inspection procedure used.

(c) 1Identification of instrumentation and probes, including
serial numbers.
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(g) Calibration standard description and serial numbers.
(h) A list of inspection results for each tube inspected, (report
as specified in the appendix).
(i) Characterization of denting extent, including approximate
percentage of tubes with reportable denting in each major heat
i

awvchancer gection and sunnort location and apnroximate max

TCaluaugti ostritaivn auw RpPpPlit 200aLiPil SUL Sppilalilclt BaX

and average dent signal amplitudes for reportable signals.

(i) A list of tubes with 20 percent wall loss or greater (report
as specified in the appendix).

(k) A list of tubes that were plugged or replaced, including the
reason f r plugging or replacement (report as specified in the

-~
[
N~
>
P—l

| 4
in the appendix).
(m) A list of all tubes with crack indications (report as
specified in the appendix).
5.4.1.3 Detailed inspection results. Report all indications of 20 percent
wall loss or greater, and any indications of cracking.

5.4.1.4 Tube sheet diagrams. The appropriate standard tube sheet diagrams
shall be 1ncluded in the report. Tube identification shall be in accordance with

the standard tube sheet diagram used. The diagrams shall be marked to identify
the location of tubes with 20 percent wall loss or greater and to identify
blocked, cracked, or plugged tubes.

4

5.4.1.5 Metallographic or metallurgical reports. Imclude results of any
analysis performed on the condenser tubes in spected Supporting information and
reports shall be referenced.

5.4.2 Classification of reports. Inspection reports of steam condensers
and reboilers on nuclear surface ships and submarines shall be classified
"CONFIDENTIAL." This requirement does not apply to fresh water or condensate
cooled air ejector condensers or to distilling plant or refrigeration or air
conditioning plant condensers

-14-
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5.5 Maintenance of inspection records. Unless otherwise specified in
the contract or order, information necessary to verify and support the inspection

results, for example, strip chart recording, calibration curves, calibration work
sheets, magnetic tapes, and procedure, personnel, and equipment qualification
records, shall be maintained by the inspection activity for 12 years after
completing the inspection. Supporting information shall be auditable and stored
in such a manner as to be protected from damage and deterioration. NAVSEA shall
—————— oT 2. _f

1 a e d e -~ -— E gy PR N
ied prior to disposal of ET inspection records.

(This section contains information of a general or explanatory nature that
may be helpful, but is not mandatory.)

6.1 Intended use. This standard is intended to be used to establish
nondestructive testing requirements for eddy current inspections of heat
exchanger tubing.

6.2 Issue of DODISS., (When this standard is used in acquisition, the
applicable issue of the DODISS must be cited in the soliciation (see 2.1.1 and
2.2).

Subject term (key word) iisting.

(o2
w

Condenser
Differential mode

Preparing activity:
Navy - SH
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r- 100% THROUGH-WALL
— 80% THROUGH~WALL
60% THROUGH-WALL
40% THROUGH-WALL
I—- 20% THROUGH-WALL

O

\\\\\\‘\\\\\\\\L\\LX\\\\\\\\\\\\“\\\ AN i i i : a i Z 2 SN
TUBE SUPPORT SIMULATION RING

NOTES:

THE THROUGH-WALL HOLE SHALL BE 0.052 INCH IN DIAMETER FOR 3/4~INCH OD
TUBING AND SMALLER, AND 0.067 INCH FOR LARGER ODS.

80 PERCENT THROUGH-WALL HOLE SHALL BE $5/64 INCH DIAMETER.
60 PERCENT THROUGH-WALL HOLE SHALL BE 7/64 INCH DIAMETER.
40 PERCENT THROUGH-WALL HOLE SHALL BE 3/16 INCH DIAMETER.

FOUR 20 PERCENT THROUGH-WALL HOLES 3/16 INCH DIAMETER SHALL
90 DEGREES APART AROUND THE TUBE CIRCUMFERENCE.

DEPTH AND DIAMETER TOLERANDCE SHALL BE PLUS OR MINUS 0.003 INCH.

MINIMUM DISCONTINUITY SPACING SHALL BE | INCH. MINIMUM DISTANCE
FROM DISCONTINUITIES TO END OF TUBE SHALL BE 2 INCHES.

TUBE SUPPORT SIMULATION RING MATERIAL TYPE AND THICKNESS SHALL BE
THE 8 UND_IN THE COMPONENT BEING INS

PECTED. THE RING SHALL

AME AS FQ
BE A SLIP-FIT AND THE RADIAL DIMENSION SHALL BE 3/8 INCH MINIMUM.
RING TO TUBE DIAMETRAL CLEARANCE SHALL BE 0.0i6 INCH MAXIMUM.

HOLES SHALL BE FLAT-80TTOM.

FIGURE 1.

80% 0%

82 u3e 4
100% 138
40°

ASME type calibration standard with typical
signal presentation.
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RING!I RING2 RING3 RING4 RINGS RING 6
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DEPTH OF CALIBRATION DISCONTINVITIES SKALL BE AS FOLLOWS:

RING | « |0 DERAEMT TUOANIAUWALI
1% )

niny v ¥ i 1INV WALL

TV -ane sam -

RiNG 2 = 20 PERCENT THROUGH-WALL

RING 3 ~ 30 PERCENT THROUGH-WALL
RING 4 - 40 PERCENT THROUGH-WALL
RING 5 ~ 50 PERCENT THROUGH-WALL

RING 6 = 10 PERCENT THROUGH-WALL (iD)
DEPTH TOLERANCE SHALL BE PLUS OR MINUS 0,003 INCH, TOLERANCE FOR

OTHER DIMENSIONS SHALL BE PLUS OR MINUS 116 INCH. MAXIMUM
CORNER BREAK RADIUS OF 0.020 INCH,

MACHINED SURFACE FINISH SHALL BE 63 ROUGHNESS MEIGHT
RATING (RHR) MAXIMUM,

TUBE SUPPORT SIMULATION RING MATERIAL AND THICKNESS SHALL 8E
TUL QAL A8 AR 1M TUED AALNALICUP BEIVA IMAREATEA Lo
NG QANME A9 TVUARY IN INL WRFVNLN) DLINY INTEVIEY. INRLC
RINe gMAIL BE &LIDLLIT AMD RANIAL DILCAUCIALN CUAIL BE A 2R
NIV ViR Wk Vil F1I1 AW NAVIAL ViWIVIV OiIIALL Vi V.JIJ
INCH MINIMUM.  RING TO TUBE DIAMETRAL CLEARANCE SHALL BE
0.016 INCH MAXIMUN.

FIGURE 2 360-degree machined ring standard.
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NOTES:

. DEPTH OF CALIBRATION DISCONTINUITIES SHALL BE AS FOLLOWS:
FLAT | — 10 PERCENT THROUGH-WAL L

FLAT 2 - 20 PERCENT THROUGH-WALL
FLAT 3 - 30 PERCENT THROUGH-WALL
FLAT 4 - 40 PERCENT THROUGH-WALL
FLAT 5 - 50 PERCENT THROUGH-WALL
FLAT 6 - 60 PERCENT THROUGH-WALL

FLAT 7 -~ 20 PERCENT THROUGH-WALL (ID)

2. DEPTH TOLERANCE SHALL BE PLUS OR MINUS 0.003 INCH. TOLERANCE FOR
OTHER DIMENSIONS SHALL BE PLUS OR MINUS 1/i6 INCH. MAXIMUM
CORNER BREAK RADIUS OF 0.020 INCH.

3. MACHINED SURFACE FINISH SHALL BE 63 ROUGHNESS HEIGHT
RATING (RHR) MAXIMUM.

4. TUBE SUPPORT SIMULATION RING MATERIAL AND THICKNESS SHALL BE
THE SAME AS FOUND IN THE COMPONENT BEING INSPECTED. THE
RING SHALL BE SLIP-FIT AND RADIAL DIMENSION SHALL BE 0.375
INCH MINIMUM. RING TO TUBE DIAMETRAL CLEARANCE SHALL BE

f\ﬂl‘: INCH MAY IARLIA

AVTR NN (7 2 VAN uv-vu
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. LENGTH OF THE STANDARD SHALL BE APPROXIMATELY 12 INCHES WITH
ONE-HALF OF THE LENGTH FINNED.

FIGURE 4. Tapered area sensitivity standard.

CIRCUMFERENTIAL SLOTS
\ /—TUBE SUPPORT SIMULATION RING

V7771
|P- PP |
NOTES:
f. CIRCUMFERENTIAL SLOT DIMENSIONS SHALL SE 20, 40. 60, 80 AND 100 PERCENT
THNRUUGN~ LU VN MINIVUVD U.VVO | ”! L*5 B U, UVVI INLN WIWER,
AND SH END $0 DEGREES AROUND THE TUBE CIRCUMNF h
SLOT SEPARATION SHALL BE | INCH.
2 1AL SLOT DIMENSIONS SHALL BE: O.25040.003 INCH LONG, 20, 40. €0, 80 AND
00 PERCENT TMROUGH-WALL #0.003 INCH DEEP. AND 0.012 & 0.003 INCH
WIDE. SLOT SEPARATION SHALL ®E ! INCH
3. SLOT LOCATIONS ARE APPROXIMATELY AS SHOWN
4. TUBE SUPPORT SIMULATION RING MATERIAL AND THICKNESS SHALL BE THE SAME
rOUNI mm e LYUN NN DRIy DTES TV TRE NiINey DNALL DL OLir—ri|
3. INCH MINIMUM. RING TO TUBE
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FIGURE 6. Typical defect evaluation curve for nhase angle analvsis,
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FORMAT FOR REPORTING EDDY CURRENT INSPECTION DATA

10.1
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! for reporting eddy
current inspection data. These requirements are aDDllcable to eddy current
signals generated using various inspection probes such as the standard dual
bobbin, magnetic bias bobbin, shielded bobbin, beaded joint flex, crosswound,

and single and multiple coil pancake probes.

411l o 1 = 1 - r--tabie Lo Lills apPpeiifla,

30. REQUIREMENTS

30.1 Requirements for reporting evaluated eddy current inspection data. The
or reportlng evaluated eddy current inspection data is contained in Table

-23.-



Downloaded from http://www.everyspec.com

MIL-STD-2032(SH)

TABLE II. Format for reporting eddy current inspection data.

Field #1 #2 - General TnFnrmnrinn/Prnh1no Extent Indicator

e

'NX XXX XXX XX XX XXX XXX XXX KXXXXKXXAKK X/ XXXX ' XXXX ' ' XXXXXXXX '

Integer Definition

1 Straight length of tube only

2 Straight length of tube plus U-bend region

3 Full length (i.e., tubesheet-to-tubesheet)

4 U-bend region only (as in using the tight U-bend (BJF) probe)

6 Plugged tube indicator (i.e., tube permanently plugged, flow-
blocked, or temporarily plugged; see Field #12 for
additional definition of the plugging disposition)

Field #2, Column #3 - Probing Side Indicator

XN/ XXX XXX XX XX XXX XXX XXX XXXXXXKXFRX X XXXX ! XXXX ' XXXXXXXX '

Integer Definition
1 Probing from inlet side or inlet/outlet end
2 Probing from outlet side or return end

Field #3, Columns #5:7 - Tube Row Indicator

'xX'nnn’ XXX XX . XX, XXX XXX XXX XKXXXXXKXFXK X XXXX ' XXXX ' XXXXXXXX '

Integer Definition
NAN1T .00 Mealin amnvr e A s
UUlL.Z277 1Luovce LUW liudlivelr
or
00A:22Z

Field #4, Column #9

XX XXX NXX XX XX XXX XXX XXX XXXKXXKKKFXK X XXX XXX XKXXXXKKX

Field #5, Columns #10:11 - Tube Column Indicator
"RX XXX XNN XX . XX XXX XXX XXX ' XXXXXXXKEKXX . X XXXX ' XXXX ' " XXXXXXXX '

Integer Definition

* Note: Dash (-) in alphanumeric designation means blank.
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TABLE II. Format for reporting eddy current

inspection data. - Continued

Field #6, Columns #13:17 - Signal Amplitude (Volts)

fxx XXX xxX'nn.nn’ xxx XXX XXX XXXXXXXKERK X XXXX I XXX ' I RRRXXKKX

F

'XX XXX XXX XX . XX non’ XXX XXX XXXXXXKXEXX . X'

F

fXX XXX XXX XX XX XXX ' NNn' XXX XXXXXXXXEXX X ' XXXX ' XXXX ' ' XXXXXXXX '

F

"XX XXX XXX XX XX XXX XXX DNn' XXXXKXXKXHXK X' XXKX  XXKX ' ) XXXKXXKX '

Decimal Definition

nnn.nn Peak-to-peak amplitude of the eddy current signal in volts,
If the signal is saturated, the maximum estimated amplitude
should be entered (e.g., 20.00) and the type of indication
modifier SAT should be entered in Field #13. If only the
amplitude for one-half of the signal can be measured, twice
the measured amplitude for one-half of the signal should be
entered and the indication modifier 1/2 should be entered
Field #13.

ield #7, Columns #19:21 - Signal Angle (Degrees)

XXXX ' XXXX ' XXXKXXXXX '

ield #8, Columns #23:25 - Defect Depth (Percent)

Integer Definition
000:100 Depth of penetration of inside surface or outside surface
defect in percent of wall thickness.

ield #9, Columns #27:29 - Channel Number/Coil Number

Channel Number (Dual Coil Bobbin Probe Data)
Integer Definition
010 Primary frequency channel (differential)
020 Primary frequency channel (absolute)
030 Secondary frequency channel (differential, approximately 1/4
to 1/2 of primary frequency)
040 Secondary frequency channel (absolute)
050 Usually high frequency channel (differential, approximately
twice the primary frequency)
060 Usually high frequency channel (absolute)
070 Usually low frequency channel (differential)
080 Usually low frequency channel (absolute)

-925.
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TABLE II. Format for reporting eddy current

inonantian Aa+a CantiniinAd
A1IOPCTCLLVIL uaila = wvuliLlliucu
Field #9, Columns #27:29 (continued)
Alphanumeric Definition

*M-1 Mix 1 channel
M-2 Mix 2 channel

" "

” "

" "
M-N Mix N channel

Integer Definition
010 Coil number for which pancake probe data is being reported.
020 The data in Fields #1 through #5 and #10 through #13 may
030 repeat for each coil seeing the same defect. However, the
040 data in Fields #6 through #8 may differ for each coil seeing
050 the same defect. The specific coil numbers which were

060 excited should be identified in Field #14 in the first entr
for a given defect indication. In some special cases, only
the data for the coil with the largest amplitude need be
reported rather than the data for each individual coil.
However, unless otherwise noted, the data for each coil
which was excited should be reported for a given defect.

Field #10, Columns #31:38 - Reference Location

TXXTRXX XXX XX XX XXX XXX XXX 'aaaaaaaa+xx . X XXxX ' XXxXX' ' XXXXXXXX'

Alphanumeric Definition

*EOT---IN End of tube - inlet side or inlet/outlet end
EOT--0UT End gf tubhe - gutlet gide ogr return end
PV & AN A il v wuuvoc VauLaicT o = 4 3 Vi AT LuULLI TlLIU

Field #11, Columns #39:43 - Distance Indicator From Reference Location
(Inches)

'XX XXX XXX XX XX XXX XXX XXX ' XXXXXXXXHINN, N/ XXXX ' XXXX ' ' XXXXXXXX '

Decimal Definition

+nn.n Distance of indication (defect, dent, etc.) in inches from
reference location defined in Field #10.

* Note: Dash (-) in alphanumeric designation means blank.
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TABLE II. Fermat for reporting eddy curremt
inspection _data. - Continued

Field #12, Columns #45:48 - Type of Indication/Tube Condition Indicator
'XX XXX XXX XX . XX XXX XXX XXX ' XXXXXXXXEXX.X'aaaa ' XXXX' ' XXXXXKXXX '

Type of ET Indication

Alphanumeric Definition
0.D. Outside Diameter Defect
I.D. Inside Diameter Defect
OTHER Other Type of Indication or Tube Condition
*NDD- No Detectable Defect
DENT Dent Indication
P.V. Permeability Variation Indication
DIST Distorted ET Signal
DSP- Distorted Support Plate Signal
DTS- Distorted Tubesheet Signal
COND Conductive Deposit Indication
RDEP Residual Deposit Signal in Mix Channel
PID- Positive Tdentification Probing
RBD- Retest - Bad Data
Tube Condition Indicator
Alphanumeric Definition
M.C. Mandrel Chatter Indication
IDV- Inside Diameter Variation
PTI- Possible Tooling Indication
IRR- Irregular Roll Indication
NRL- Nonroll Condition (i.e., Tube is not Rolled into Tubesheet)
OBST Obstructed Tube
PIG- Plugged (Permanently)
TEMP Temporary Plug

Field #13, Columns #50:53 - ET Indication Modifier.

TRXTRXX XXX XKL KK KKK XXX XXX XXXKKXKKHEXK . X' XXXX ' 23234’ ' XXXKXKXXX '

.

Note: Dash (-) in alphanumeric designation means blank.

-27-
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TABLE II. Format for reporting eddy current
inspection data. - Continued

Field #13, Columns #50:53 (continued)

ET Indication Modifier

.

lphanumeric

*LKR -
SHAL
MULT
THRU

Leaker

Shallow Indication

Multiple Indications

Multiple Indications Throughout Tube Length
Indication at Tangent Point to the U-Bend
Indication at Apex of U-Bend

Saturated Signal
The Amplitude of Only One-Half of a Signal Could be Measured
Signal for Indlcatlon Identlfled in Field #12 is Distorted

Signal Developed Normally with Regard to Axial Length
Signal Developed Slowly with Regard to Axial Length
Possible Indication

Standard Run Indication
Incomplete Probing
Verified

Field #14, Columns #56:63 - Comments

!

wvv i wvw
AN AN

’ r

v
DS

vww v
Han An, o

X XX XN NN XNy ' ywxx'wywx' 'aaaaaaaa’

Alphanumeric Definition
AAAAAAAA Additional Comments
AX-NN.N- Axial Length of Indication
nnnnnn- - Specific Coils Excited in Multiple Coil Pancake Probing or
Specific Orientations Excited in Single Coil Pancake
Probing. This is the Only Entry Permissible in this Field
for Multiple Coil and Slngle C011 Pancake Probing Data.
* Note: Dash (-) in alphanumeric designation means blank.

- . S
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TABLE III. Permissible entries in the variocus
fields defined in table 1.
12 3 45 6 7 8 9 10 11 12 13 14
'xx'xxx'xxx'xx.xx’xxx’xxx’xxx’xxxxxxxxixx.x'xxxx'xxxx"xxxxxxxx‘
11 000 00 00.00 000 000 1 EOT IN-99.9 0.D. LKR  AAAAAAAA
22 : : : : : EOT 0QUT+99.9 I.D., SHAL AX NN.N
3 999 99 99.99 360 100 8 OTHR MULT NNNNNN
4 or or M1 NDD THRU
6 00A o0A M N DENT TANG
: : P.V. APEX
ZZZ ZZ DIST SAT
DSP 1/2
DTS DIST
COND QUIK
RDEP NORM
PID SLOW
RBD POSS
M.C. FULL
IDV STD
PTI 1INC
IRR VERF
NRI
OBST
PLG
TEMP
-29.
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TABLE IV. General comments to accompany the format defined in table I.
Comments (e.g., to identify the beginning or end of a reel of data, to
identify a change of probes or a change in probe positioner, to elaborate

on any tube, probe, defect condition, etc.) are permissible and are
encouraged. However, Fields #l1 and #2 should be blank for these comments
(i.e., columns 2 and 3) because these fields are used to indicate that a
tube has been inspected.

The disposition of every tube tested should be reported, regardless of
whether it had any indication or not, so that a listing of tubes examined
can be generated. The list of tubes reported should also include all

obstructed tubes.

The entries 1dent1f1ed for the various fields (summarized in Table II)

should be used exclusively. If these entries are inadequate to describe
a given condition, additional information should be incorporated by the
use of comments (see item #1 above). The position of the entry in the
field (i.e., left-adjusted, right-adjusted) as shown in Table II should

For multiple defect indications which are not explicitly listed because
of the number of indications (identified by the type of indication modifier

MULT in Field #13), the data for the defect with the largest depth and the
data for the defect with the largest amplitude should be identified
explicitly, as a minimum, if two such indications are actually observed
(i.e., if they are not one and the same).

In general, the appropriate data for each coil (multiple coil pancake
probing) should be reported for a given defect. However, in some special
cases, the data entries can be collapsed into a single entry where the data

for the coil with the largest amplitude should be reported. 1In either
case, the specific coil numbers which were excited should be entered in
the comment field (i.e., Field #14) in the first entry for a given defect
indication

If the type of indication DIST is used in Field #12, the depth of the
indication in Field #8 should not be reported. If the type of indication
OD is used in Field #12 with the modifier DIST in Field #13, the depth of
the indication should be reported in Field #8.
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